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(57) ABSTRACT 
Asystem is provided for precisely measuring a resistive load 
embedded in a potentially non-linear and capacitive PoW 
ered Device network Which eliminates variable voltage from 
the measurement, decreases the capacitive settling times, 
and averages out system noise. A current and voltage (I-V) 
controller receives control voltages, applies constant load 
voltages to the resistive load in response to receiving the 
control voltages, and generates current flow voltages corre 
sponding to current ?owing through the resistive load. An 
integrating analog to digital converter (ADC) circuit 
receives the generated current flow voltages from the I-V 
controller and performs measurement cycles thereon. A 
control processor is operatively communicative With both 
the integrating ADC circuit and the I-V controller for 
controlling the measurements and calculations on the resis 
tive load during ?rst and second measurement cycles. After 
the second measurement cycle, the control processor calcu 

Int. Cl.7 ......................... .. G01R 27/02; G01R 27/08 lates the resistive load value based on the difference between 
US. Cl. ............................................................ .. 324/607 ?rst and second digital output values from the ADC circuit. 
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RESISTANCE MEASUREMENT SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] N/A 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] N/A 

BACKGROUND OF THE INVENTION 

[0003] In Power over Ethernet (POE) systems, it is desired 
to measure a unique resistance signature at the load to 
identify that a device is capable of being poWered. For 
instance, it is typically desired to identify a resistive load 
placed at a PoWered Device (PD) end of a cable such as a 
category 5 type cable. In one knoWn technique, an applied 
voltage is ?rst measured across the resistive load and then 
the current ?oWing therethrough is measured for identifying 
the value of the resistive load. Thereafter, the value for the 
resistive load is obtained by dividing the measured values of 
the applied voltage by the current. 

[0004] HoWever, if the resistive load is shunted by a large 
capacitance, then a prede?ned number of time constants is 
required as a settling time before making the DC measure 
ments to prevent distortion by the shunt capacitance charg 
ing current and alloW an accurate resistive load measure 
ment to be performed. As a result of the settling time 
associated With the shunt capacitance, the time required for 
the resistive load measurement calculation increases. Addi 
tionally, the resistive load may appear in series With a 
non-linear device, such as a diode, having an offset voltage 
Which must be subtracted to obtain an accurate resistive load 
measurement. The offset is typically obtained by making 
measurements at tWo different terminal voltages and then 
calculating the difference betWeen the tWo measurements. 
Again, time for alloWing the line capacitance to settle is 
required in the resistive load measurement Which further 
increases the resistive measurement time. 

[0005] As the resistive load is generally placed at the PD 
end of a long cable, the resistive load measurement is also 
susceptible to noise pickup from the cable. To minimiZe the 
effect of this noise, an averaging technique is utiliZed in the 
measurement of the applied voltage and current for obtain 
ing the equivalent DC value of the Waveform Which adds 
more time and complexity to the measurement calculation. 
It is therefore desirable to provide a resistive load measuring 
system Which reduces the time and compleXity that are 
associated With the knoWn systems and methods. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention provides a system for pre 
cisely measuring a resistive load embedded in a potentially 
non-linear and capacitive PD netWork Which eliminates 
variable voltage from the measurement, decreases the 
capacitive settling times, and averages out system noise. The 
present invention is directly applicable to silicon integration 
and is particularly applicable to PoWer over Ethernet (POE) 
systems Where the presence of a resistive signature is used 
to identify that a device is capable of being poWered. 
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[0007] According to an embodiment of the present inven 
tion, a system for sensing and measuring a resistive load in 
a non-linear netWork includes a current and voltage (I-V) 
controller for receiving control voltages, applying constant 
load voltages to the resistive load in response to receiving 
the control voltages, and generating current ?oW voltages 
corresponding to current ?oWing through the resistive load. 
An integrating analog to digital converter (ADC) circuit 
receives the generated current ?oW voltages from the I-V 
controller and performs measurement cycles thereon. In 
each of the measurement cycles, one of the current ?oW 
voltages is integrated for a ?xed time interval to generate an 
integrated voltage and then the one integrated voltage is 
de-integrated to generate a digital output value re?ecting the 
magnitude of the current ?oW voltage. 

[0008] A control processor is operatively communicative 
With both the integrating ADC circuit and the I-V controller 
for controlling the measurements and calculations on the 
resistive load. During a ?rst measurement cycle, the control 
processor sWitches to a ?rst control voltage for input to the 
I-V controller and obtains a ?rst digital output value from 
the integrating ADC circuit in response to integrating a ?rst 
current ?oW voltage from the I-V controller. After comple 
tion of the ?rst measurement cycle, a second measurement 
cycle is performed Wherein the control processor sWitches to 
a second control voltage for input to the I-V controller and 
obtains a second digital output value from the integrating 
ADC circuit in response to integrating a second current ?oW 
voltage from the I-V controller for the ?Xed time interval. 
After the second measurement cycle, the control processor 
calculates the resistive load value based on the difference 
betWeen the ?rst and second digital output values. 

[0009] Other aspects, features and advantages of the 
present invention are disclosed in the detailed description 
that folloWs. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0010] The invention Will be more fully understood by 
reference to the folloWing detailed description of the inven 
tion in conjunction With the draWings, of Which: 

[0011] FIG. 1 illustrates a system for measuring resistance 
in a non-linear netWork according to an embodiment of the 
present invention; 

[0012] FIG. 2 is a detailed illustration of circuitry for 
measuring resistance in a system according to an embodi 
ment of the present invention; and 

[0013] FIGS. 3(a), 3(b), 3(c), 3(a), and 3(6) are Waveform 
diagrams of signals used in measuring resistances according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The embodiments of the present invention are 
directed to a system and method for sensing and measuring 
resistance in a non-linear netWork. FIG. 1 illustrates a 
system for measuring resistive loads according to an 
embodiment of the present invention Which includes a 
control processor 110 for performing control and measure 
ment operations, a current-voltage (I-V) controller 120 for 
receiving control voltages from the control processor 110 
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and generating load voltages and current ?oW voltages in 
response thereto, a load 130 connected to the I-V controller 
120, an integrating analog to digital converter (ADC) circuit 
140 operatively communicative With the I-V controller 120 
and the control processor 110 for integrating and de-inte 
grating the current ?oW voltages, and a counter 150 opera 
tively communicative With the integrating ADC circuit 140 
and the control processor 110 for outputting a digital output 
of the integrated voltage to the control processor 110. 

[0015] More speci?cally, the control processor 110 per 
forms ?rst and second measurement cycles in Which ?rst and 
second control voltages are sequentially generated and 
inputted into the I-V controller 120. During the ?rst mea 
surement cycle, the I-V controller 120 generates a ?rst 
current ?oW voltage corresponding to the current ?oWing 
through the resistive load 130 in response to the ?rst control 
voltage being applied to the resistive load 130. After 
completion of the ?rst measurement cycle, the control 
processor 110 applies the second control voltage to the I-V 
controller 120 during the second measurement cycle 
Wherein a second current ?oW voltage is generated Which 
corresponds to the current ?oWing through the resistive load 
130 in response to the application of the second control 
voltage. 
[0016] The operation of the resistive measurement system 
of FIG. 1 Will be further described With reference to the 
Waveform diagrams in FIGS. 3(a)-3(e). Prior to the ?rst 
measurement cycle, the control processor 110 sWitches the 
I-V controller 120 to a ?rst control voltage V1 as shoWn in 
FIG. 3(b). The ?rst control voltage V1 is set to alloW a 
sufficient amount of time so that the current ?oW voltage Vin 
rises to a ?rst voltage level Vin1 before the integration phase 
begins at point A as shoWn in FIG. During the ?rst 
measurement cycle betWeen points A and C as shoWn in 
FIG. 3(a), the ?rst current ?oW voltage Vin1 corresponding 
to the ?rst control voltage V1 is integrated for a ?Xed time 
interval betWeen points A and B to generate a ?rst integrated 
voltage. During the integrating phase, the control processor 
110 sWitches the integrating ADC 140 to an integration state 
(INT) as shoWn in FIG. 3(c). Then, the ?rst integrated 
voltage is de-integrated betWeen points B and C in Which the 
control processor 110 sWitches the integrating ADC 140 to 
a de-integrating state (DEINT). 

[0017] The counter 150 is connected to the output of the 
integrating ADC circuit 140 and generates a digital output 
value re?ecting the magnitude of the ?rst integrated voltage. 
The digital output value is input to the control processor 110. 
The control processor 110 detects When a count value of the 
counter 150, Which corresponds to the ?Xed time interval, is 
reached at point B. In response to reaching the count value, 
the control processor 110 generates a reset signal as shoWn 
in FIG. 3(6) that is input to the counter 150 and resets the 
counter 150 to Zero before beginning the neXt count 
sequence. During the de-integration of the ?rst measurement 
cycle, the control processor 110 sWitches the integrating 
ADC 140 to the de-integrating state DEINT at point B and 
further monitors the digital output value from the counter 
150. At point C, When the de-integrated voltage is equivalent 
to the initial voltage at point A, Which may be substantially 
0V, the count value is saved, and the control processor 110 
generates another reset signal for resetting the counter 150. 

[0018] Prior to initiating the second measurement cycle 
and after the integration phase of the ?rst measurement cycle 
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is completed (sometime betWeen points B and C), the 
control processor 110 sWitches to the second control voltage 
V2 and performs the second measurement cycle betWeen 
points C to F. The second control voltage V2 is sWitched 
during this time to alloW for a second voltage level Vin2 to 
reach a steady state value. The operation of the second 
measurement cycle is similar to the operation of the ?rst 
measurement cycle. In the second measurement cycle, the 
control processor 110 sWitches the integrating ADC 140 to 
the integrating state INT at point C and applies the second 
current ?oW voltage. The second current ?oW voltage is 
integrated for the ?Xed time interval betWeen points C and 
D. Then at point D, the control processor 110 generates the 
reset signal to reset the counter 150 and sWitches the 
integrating ADC 140 to the de-integrating state DEINT 
Which lasts until point F. 

[0019] During de-integration, the control processor 110 
detects When the count value of the counter 150 is equal to 
the stored value from the ?rst measured cycle, and then 
generates the reset signal at point E for resetting the counter 
150. Thereafter, the counter 150 continues to count until the 
integrated voltage is equivalent to the voltage at point C, 
Which may be substantially 0V. By the resetting operation at 
point E, the second measurement cycle automatically carries 
out a subtraction of the ?rst current measurement in the 
course of performing the second current measurement. 
Therefore, the count value obtained at point F (for the count 
value betWeen points E and F) Will correspond to the value 
for the resistive load 130. 

[0020] Speci?c circuitry used for a system in an embodi 
ment of the present invention Will be described With refer 
ence to FIG. 2. In the present embodiment, RX is an 
unknoWn load resistance to be measured. The load resistance 
RX may appear in series With one or several diodes D1. 
Shunt or load capacitance C1 may appear across this net 
Work. A voltage V+ is applied to the netWork Which may be 
+48V in one eXample. First and second control voltages V1 
and V2 are sWitched by the control processor 110 and 
applied to a closed loop 410 during the ?rst and second 
measurement cycles. For instance, the ?rst control voltage 
V1 may be 0.8V and the second control voltage V2 may be 
1.6V in one application of the present invention. The ?rst 
and second control voltages of 0.8V and 1.6V may be 
obtained, for eXample, from a ratiometric function based on 
a reference voltage Vref (e.g., 5V) using a voltage divider 
(not shoWn). Thus, a ratio of Ratio3=0.16 is established 
When the control processor 110 sWitches a ?rst sWitch to a 
V1 position and a ratio of Ratio4=0.32 is established When 
the control processor 110 sWitches the ?rst sWitch to a V2 
position, Where V1=Vref><Ratio3 and V2=Vref><Ratio4. The 
voltage divider and reference voltage may be modi?ed to 
obtain other desired ?rst and second control voltages. 

[0021] The present system further includes a ?rst control 
loop 410 for Which closure thereof is completed at the inputs 
of an error transconductance ampli?er 412. The output of the 
error transconductance ampli?er 412 commands a load 
current via a current control loop 420 Which includes a 
differential ampli?er 422 and a MOSFET M2. The current 
control loop 410 has enough current authority to quickly 
charge a load capacitance C1. The peak authority of the 
control loop 410 establishes a controlled dv/dt at the load 
terminals to limit radiated emissions during voltage sWitch 
mg. 
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[0022] The load capacitance C1 is the dominant frequency 
pole in the present system. A MOSFET M1 provides addi 
tional drain voltage screening in response to a voltage 
Vscreen input from the control processor 110 for maintain 
ing a very high current source output impedance and 
improving the poWer supply noise rejection of the system. 
The voltage across the load resistance RX is proportional to 
the applied control voltage in accordance With a gain of a 
differential ampli?er 418 Which provides feedback to the 
input of the error ampli?er 412. For instance, a 0.2 gain of 
the differential ampli?er 418 may be realiZed by con?guring 
the differential ampli?er 418 as a four resistor differential 
ampli?er having a resistor ratio represented by Ratio1. Thus, 
for V1=0.8V, a load voltage of VL=4V is provided and for 
V2=1.6V, a load voltage of VL=8V is provided. The choice 
of an attenuation of 0.2 V/V alloWs signi?cant voltage level 
shifting With its input resistors thus enabling process com 
patibility Within high voltage systems. Other designs of the 
differential ampli?er 418 may be used to realiZe other 
desired ratio values for Ratio1. 

[0023] The steady state current of the load resistance RX 
also ?oWs through a ground-referenced sense resistor Rs1. 
The voltage drop Vin across resistor Rs1 (Which has a 
resistance on the order of 320 Q in the present embodiment) 
is converted to a current When the control processor 110 
sWitches a sWitch SW2 to an integrating position (INT). The 
sWitch SW2 connects the non-inverting input of an integrat 
ing ampli?er 430 betWeen Vin for the integrating position 
INT and Vref for the de-integrating position (DE-INT). 
When sWitch SW2 is in the integrating position (INT), the 
control processor 110 sWitches the sWitch SW2 so that a 
resistor R2 is connected to the inverting input of the inte 
grating ampli?er 430 and a positive current ?oWs from a 
current mirror 450 so that the output of the integrating 
ampli?er 430 connects through a MOSFET M3 to an inte 
grating capacitor Cint and a comparator 440. When sWitch 
SW2 is in the de-integrating position (DE-INT), the control 
processor 110 sWitches the sWitch SW2 so that a resistor R1 
is connected to the inverting input of the integrating ampli 
?er 430 and a negative current ?oWs from the current mirror 
450. In one eXample of the present embodiment, the values 
of the resistors R1 and R2 are on the order of 100 kQ for R1 
and 25 k9 for R2. 

[0024] The current from the voltage drop Vin across the 
ground-reference resistor Rs1 charges the integrating 
capacitor Cint at a rate equal to Vin/(Cint><R2). The inte 
grating capacitor Cint is charged for a ?Xed time interval 
corresponding to a predetermined number of periods of a 
clock CLK, for eXample 1024 counts in the counter 150. The 
count is started at point A in the ?rst measurement cycle and 
at point C in the second measurement cycle (as shoWn in 
FIG. 3(a)) When the sWitch SW2 is moved to the integrating 
position INT. Then, after completing the integration phase at 
point B for the ?rst measurement cycle or at point D for the 
second measurement cycle, the sWitch SW2 is moved to the 
de-integrating position DE-INT and the voltage on the 
integrating capacitor Cint is de-integrated until it reaches the 
equivalent voltage at point C in the ?rst measurement cycle 
and the equivalent voltage at point F in the second mea 
surement cycle, Which may be sustantially 0V. The de 
integration rate corresponds to Vref/(Cint><R1) in both the 
?rst and second measurement cycles. The current mirror 450 
has a current turn-around ratio of RatioCS1, Which is 
typically unity. For each de-integration phase, the periods of 
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clock CLK are counted as a parameter COUNTS. A settling 
time is alloWed prior to each integration phase. This opera 
tion results in: 

COUNTS=(Vin/Vrej)><(R1/R2)><RatioCS1><1024 (1) 
Letting R1/R2=Ratio2 (2) 

Then COUNTS=(Wn/ Vref)><Ratio2><RatioCS 1><1024 (3) 

[0025] Note that the period of clock CLK and the value of 
the integrating capacitor Cint do not appear in the equation. 

[0026] The choice of 1024 counts of the period of the 
clock CLK in this eXample yields an integrating time that is 
greater than several periods of the dominant system noise, 
60 HZ for eXample, resulting in substantial rejection of that 
noise component due to averaging. If the period of the clock 
CLK is synchroniZed to the offending noise frequency, a 
very high noise rejection Will occur. 

[0027] For the non-diode case in each of the ?rst and 
second measurement cycles, converting the current for the 
load resistance RX to COUNTS, yields: 

[0028] Which simpli?es to 

0CS1><1O24 (5) 

[0029] Where COUNTS can be seen to be inversely 
proportional to the load resistance RX. 

[0030] To remove a series offset Vd such as can be caused 
by diode D1, the ?rst and second measurement cycles are 
performed With the sWitch SW1 ?rst in the V1 position 
during the ?rst measurement cycle and then in the V2 
position during the second measurement cycle. The differ 
ence betWeen COUNTS measured in the ?rst and second 
measurement cyclces then yields: 

DELTACOUNTS=((((Ratio4/Ratio1)—Vd/Vref)/Rx)>< 

[0031] Which simpli?es to 

Rati02><RatioCS1><1024 (7) 

[0032] and Which further simpli?es to 

RatioCS1><1024 (s) 

[0033] This assumes that, to a ?rst order, the offset Vd is 
constant. Note again that DELTACOUNTS is inversely 
proportional to the load resistance RX. Once DELTA 
COUNTS is obtained after the second measurement cycle, 
the load resistance RX can be solved from equation If the 
above technique of resetting the counter 150 at point E is 
employed, DELTACOUNTS is automatically stored in the 
counter 150 at point F to provide the value corresponding to 
the load resistance RX. Alternatively, an explicit subtraction 
can be performed betWeen the DELTACOUNTS obtained 
during the ?rst and second measurement cycles. 

[0034] The system according to the present embodiment 
applies control voltages and performs measurement cycles, 
Which are to a ?rst order and dependent only upon the ratio 
of resistors and counts but are not dependent upon the 
absolute value of any one device. Within linear integrated 
circuits, component matching is at extremely Well controlled 
in contrast to absolute matching Which is very poorly 
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controlled. As such, a so called “ratiometric technique” is 
utilized that can be integrated at high accuracy Without the 
need to trim absolutes according to the present invention. 

[0035] In the embodiments of the present invention, the 
voltage variable is eliminated from the current and voltage 
calculation With the voltage being held constant. Other 
approaches typically apply a series resistance in the positive 
supply lead to the unknoWn load resistance, and thereby 
require a measurement of voltage and current to calculate 
resistance. As a result, the present invention eliminates this 
requirement. 
[0036] Fast settling times are obtained for capacitive shunt 
loads in the present invention. The current control loop 420 
quickly charges the shunt capacitance and controls maXi 
mum load dv/dt to minimiZe radiated emissions. In contrast, 
other approaches typically rely on a ?xed loW value current 
source or a series resistance Which results in long settling 
times. 

[0037] An integrating converter is used in the present 
invention for averaging system noise While other approaches 
typically use single point measurements and direct voltage 
comparisons Without any noise averaging. High accuracy 
based on ratios of internal devices is also achieved Without 
trim in the present invention While other approaches often 
require trim. As a result, the present invention utiliZes 
techniques that result in higher measurement accuracy in 
less time With a loWer relative die cost. 

[0038] It Will be apparent to those skilled in the art that 
other modi?cations to and variations of the above-described 
techniques are possible Without departing from the inventive 
concepts disclosed herein. Accordingly, the invention should 
be vieWed as limited solely by the scope and spirit of the 
appended claims. 

What is claimed is: 
1. A system for sensing and measuring a resistive load in 

a non-linear netWork, comprising: 

a current and voltage (I-V) controller for receiving control 
voltages, applying constant load voltages to the resis 
tive load in response thereto, and generating current 
?oW voltages corresponding to current ?oWing through 
the resistive load; 

an integrating analog to digital converter (ADC) circuit 
operatively communicative With said I-V controller for 
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performing measurement cycles, said measurement 
cycles include integrating one of said current ?oW 
voltages from said I-V controller for a ?xed time 
interval to generate an integrated voltage and then 
de-integrating said one integrated voltage to generate a 
digital output value re?ecting the magnitude of said one 
current ?oW voltage; and 

a control processor operatively communicative With said 
integrating ADC circuit and said I-V controller for 
sWitching to a ?rst control voltage in a ?rst measure 
ment cycle for input to said I-V controller and obtaining 
a ?rst digital output value from said integrating ADC 
circuit in response to integrating a ?rst current ?oW 
voltage from said I-V controller, then sWitching to a 
second control voltage in a second measurement cycle 
for input to said I-V controller and obtaining a second 
digital output value from said integrating ADC circuit 
in response to integrating a second current ?oW voltage 
from said I-V controller, and calculating a value for the 
resistive load after said second measurement cycle 
based on said ?rst and second digital output values. 

2. A system according to claim 1, Wherein said I-V 
controller comprises a voltage control loop for holding 
constant the load voltages applied to the resistive load, and 
a current control loop for initially charging a load capaci 
tance and thereafter enabling substantially constant load 
currents and corresponding current ?oW voltages. 

3. The system according to claim 1, Wherein said control 
processor sWitches said integrating ADC circuit to an inte 
grating state for integrating one of said current ?oW voltages 
from an initial voltage during said ?Xed time interval and 
then to a de-integrating state until the integrated voltage 
reaches said initial voltage. 

4. The system according to claim 3, Wherein said ADC 
circuit further comprises a counter operatively communica 
tive With said control processor for counting to a count 
value, Which corresponds to said ?Xed time interval, and is 
reset after said count value is reached and after the integrated 
voltage reaches said initial voltage. 

5. The system according to claim 3, Wherein said initial 
voltage is substantially 0V. 


